Inflammation Vasodilatation Computed tomography A B S T R A C T Erythrodermic psoriasis (EP), 1 of the most rare and severe forms of psoriasis, is characterized by general erythema with silvery scales. Systemic vasodilatation in EP is potentially life-threatening, however, the degree and extent of inflammation in subcutaneous tissues are difficult to estimate accurately using standard skin inspections or ultrasound examinations. Computed tomography can be a useful modality in solving this problem. The authors report a case of EP. Sequential contrast-enhanced whole-body computed tomography before and after treatment with a tumor necrosis factor-α inhibitor (infliximab) visualized the inflammation and the effect of the treatment.
Introduction
Erythrodermic psoriasis (EP), the most rare and severe form of psoriasis, is characterized by general redness of skin with silvery scales, and accounts for 1.5% to 2.25% of all psoriasis cases, with a reported mortality rate of up to 9% [1, 2] . Currently, psoriasis has become recognized as a systemic inflammatory disease and an independent cardiovascular risk [3, 4] . This is primarily based on evidence of increased serum inflammatory biomarkers and increased [18F]fluorodeoxyglucose (FDG) uptake in multiple organs, including vascular systems, in patients with psoriasis [2, 3, [5] [6] [7] . Vascular inflammation in patients with EP is potentially lifethreatening, and can increase the risk for atherosclerosis, myocardial infarction, and stroke. Systemic vasodilatation can develop into lethal hypothermia, high-output cardiac failure, and loss of essential proteins and fluids [2] [3] [4] 8] . Nevertheless, vascular inflammation is often subclinical because standard skin inspections cannot precisely assess the degree of inflammation in the subcutaneous tissues, and ultrasound examination is inadequate for assessing the entire body. Although a few authors have reported [18F]-FDG positron emission tomography-computed tomography (PET-CT) imaging findings in moderate-to-severe psoriasis [5] [6] [7] , imaging findings in EP using computed tomography (CT) are largely unknown. We report a case of EP assessed using sequential contrastenhanced whole-body CT follow-up before and after tumor necrosis factor (TNF)-α inhibitor (infliximab) treatment.
Case presentation
A 45-year-old man with a 6-year history of uncontrolled plaque psoriasis treated with a topical preparation of steroid and vitamin D3 presented with generalized erythema. Physical examination revealed erythematous plaques with silver scales covering more than 80% of his body surface area, with a Psoriasis Area and Severity Index (PASI) score of 43.0. Vital signs of the patient were all stable. Laboratory investigations revealed leukocytosis (11.0 × 10 9 cells/L; normal range 3.5-10.5 × 10 9 cells/L) and elevated C-reactive protein concentration (39.3 mg/L; normal range < 3 mg/L). Before starting the TNF-α inhibitor infliximab, contrast-enhanced whole-body CT was performed to exclude latent tuberculosis or malignancies.
On contrast-enhanced CT (Acquilion One; Toshiba, Tochigi, Japan) after injection of 100 mL iohexol (Omnipaque 300; GE Healthcare, Cork, Ireland), widespread thickening of the skin with fat stranding and subcutaneous vasodilatation were demonstrated, accompanied by lymphadenopathy of bilateral axillary and inguinal regions ( Fig. 1 ). The patient did not exhibit any subjective nor objective signs suggestive of contrast media allergy.
Until the skin biopsy results were returned 2 weeks later, treatment consisted of etretinate (vitamin A) and empirical antibiotics. Improvement of subjective symptoms was limited, with only a minor PASI score change from 43.0 to 41.6 ( Fig. 2 A-C).
Skin biopsy results were consistent with psoriasis ( Fig. 3 ), without any findings suggestive of neoplasm. Treatment with infliximab was started, and after 4 courses, the patient exhibited improvement of dermal symptoms, with a PASI score reduction from 41.6 to 5.6 ( Fig. 2 D-F) . On follow-up CT performed 15 weeks after the previous whole-body CT, thickening of the skin, systemic subcutaneous vasodilatation, and lymphadenopathy improved significantly ( Fig. 1 ). As of February 15, 2017, the patient has maintained good condition with infliximab administration every 2 months.
Discussion
EP often develops in patients with longstanding, poorly controlled psoriasis and some triggers are known-both administration and abrupt withdrawal of corticosteroid and methotrexate; drug reactions; sunburn; underlying systemic infection; and emotional stress [1, 2] . The whole-body CT findings in patients with EP are largely known. In the present case, the patient had 6-year history of uncontrolled plaque psoriasis before developing EP. EP is often challenging to treat and a mortality rate of up to 9% has been reported [2] . EP causes systemic vasodilatation, which may lead to severe hypothermia, high-output cardiac failure, and loss of proteins and fluids [8, 9] . Additionally, patients with EP are susceptible to infections [9] . Evidence has suggested that severe psoriasis is a systemic inflammatory disease and an independent risk factor for atherosclerosis, myocardial infarction, and stroke [2, 4] . In the present case, laboratory data revealed leukocytosis and increased C-reactive protein in the acute phase; however, the patient had no history of cardiovascular disease.
Several biological drugs targeting key pathological factors have been used for severe psoriasis including EP. The TNF-α inhibitors infliximab, etanercept and adalimumab, and the interleukin-12/23 p40 monoclonal antibody ustekinumab, are effective for moderate-to-severe psoriasis [2] . Viguier et al reported on the efficacy of these biological drugs for EP [2] . In the present case, after 4 courses of infliximab treatment, the PASI score of the patient fell from 41.6 to 5.6 in 13 weeks, consistent with the findings of a previous report [2] .
The pathogenesis of potentially life-threatening systemic vasodilatation in patients with EP is not fully understood. Elevated blood flow in skin with plaque psoriasis has been confirmed, and vasodilatation in the papillary dermis is 1 of the characteristic histopathological hallmarks of psoriasis [10] . One of the key pathogenic factors in these vessel changes is TNF-α. Patel et al [11] reported that increased TNF-α levels lead to increased blood flow and endothelin-I release. Although endothelin-I spillover impairs endothelium-dependent vasodilatation, TNF-α still induces endothelium-independent vasodilatation, resulting in increased blood flow [12, 13] . Serum TNF-α levels in patients with psoriasis are elevated [14, 15] . Similarly, increased serum TNF-α levels may have been associated with EP in our patient, although it was not measured. The follow-up CT after TNF-α inhibitor (infliximab) treatment revealed improvement in systemic vasodilatation, which strongly suggests that TNF-α was a key factor in the development of these vessel changes.
Diagnostic imaging of EP remains under development. Mehta et al demonstrated [18F]-FDG uptake in foci of inflammation, including the skin, liver, joints, tendons, and aorta, in patients with moderate-to-severe psoriasis on FDG-PET-CT [6] . Naik et al reported on the correlation between vascular [18F]-FDG uptake and the severity of psoriasis [7] . However, although many authors have described CT imaging findings in bones and joints in patients with psoriatic arthritis, CT imaging findings in other tissues in psoriasis including EP are not well-known [13] . In many hospitals, PET-CT is not always a readily accessible modality compared with CT, and neither normal skin inspections nor ultrasound examinations are suitable for detailed wholebody screening to assess the degree and extent of inflammation in the skin and vessels. Therefore, understanding and appropriately interpreting CT imaging findings in EP is important to both dermatologists and radiologists.
Conclusion
We reported a case of EP assessed using sequential contrastenhanced whole-body CT and follow-up. CT before infliximab treatment revealed general skin thickening, systemic subcutaneous vasodilatation, and lymphadenopathy of the bilateral axillary and inguinal regions. After 4 courses of infliximab, follow-up CT confirmed improvement of these findings.
